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PRECISION DIFFRACTOMETRIC MEASUREMENTS
OF THE ELEMENTARY CELL PARAMETERS*

by M.M. Umanskii, D.M, Kheiker and

\ L.S., Zevin

Precision measurements require the accounting and
min#mization whenever possible of all errors, random as well
as systematic., Diffractometric investigation of poly-
cry%talline materials is usually performed using the focusing
arrangement of Bragg and Brentano for the X-ray beam diffracted
by #he horizontal plane. There is a number of reasons for
theidisplacement of the diffracted beam from the correct
Wolt-Bragg position, The sources of systematic errors, speci-
fic#lly in diffractometric investigations, are: (1) deviation
of the plane of the sample being investigated from the exact
foc@sing surface, which leads to the necessity of taking into
con%ideration the influence of the "horizontal" deviation of
the primary beam; (2) penetration of X-rays inside the sample;

‘ ,
(3) 1 shift of the reflecting plane of the sample from the

goniometer axis; (4) vertical divergence of the reflected from
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theiprimary beam; (5) incorrect setting of the counter zero.
Apa#t from these sources of error related to the geometry of
ploﬁting in diffractometric investigations with continuous
recarding of the diffraction curve, there occur additional
sysﬁematic errors related to the performance of the electronic
intqgration circuit and to the inertia of the recorder. The
infﬂuence of various systematic errors on the precision of
diffractometric determinations of parameters of an elementary
cell, as well as the correction for their influence by extra-
polJtion to © = 90°, have been investigated many times /1,2,3,
4,5,11/. There is no need to take into consideration the
refﬁaction of X-rays in diffraction measurements; this should

be qone only where extremely precise measurements are desired.

Achunt of systematic errors
|
}The determination of the reflection angles can be performed

|
according to the position. either of the maximum of the diffrac-
tion

peak or of its "center of gravity". lore precise results
can te obtained from the detecrmination of the position of the
cent}r of gravity. This procedure allows a more rigorous
accoLnting of systematic errors and possesses a aumber of
other advantages: (&) the determinations are based on the

use br intensity measurements along the whole profile of the
diff#action peak, and hence are more precise; the statistical
erro# and the influence of random fluctuations have been

|
substantially lessened; (b) the measurements do not depend
|
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on the shape of the peak, the asymmetric deformation or the
broaﬁening of the peak; (¢) the deviation of the center of
gravity from the Wolf-Bragg position due to geometric deforma-
tions can be calculated more precisely than the corresponding
deviations of the peak maximum. Let us give the expressions
for the shift of the center of gravity for different geometric
deformations.,

 The deviation of the sample plane being investigated from
the focusing surface leads to a shift in the center of gravity
depending on ctg ©. Since Ad/d = - ctgd® A 6, the error

Ad/4 is proportional to ctgag or to cos®

© with accuracy to
members containing 00849.

The finite thickness of the reflecting layer, determined
by the magnitude of the absorption coefficient, causes a shift
in the position of the center of gravity by the amount
sin 20/4uR. Hence, Ad/d ~sin 20.ctgd = cos?e.

Deviation of the sample plane from the goniometer axis
by an amount S causes an error in the determination of the
position of the center of gravity S.cose/R, and consequently

Ad/d ~cose.ctgl or to cos2

© (with accuracy to members of a
higher order of smallness).

The vertical divergence of the primary from the reflected
beaﬁ causes a shifﬁ in the position of the center of gravity

Z\ {7 b - q/‘ C.T(] “1 e‘— + (/\, ) CC e ;: t::
[¢ .

I 2 2 "‘) : oy ()
— e ’ Fe e
where & < ;1R1'(H‘ + Ft T +P Yo e i
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Hf’ Hc’ Hp are the height of the focus, the height of the

target before the counter,and the height of the illuminated
part of the sample, respectively, The error
' : Ql + QQ

| A4/ = ~Ctgl A O = =Q, + :
| 17 2sin ‘

or with accuracy up to members containing cos49.

: ' - < ) | ;
t "%’é:: "_g)l-—j} + ii:—i} Cos b |

2 2 (2) ; ‘

The influence of errors caused by vertical divergence can not

e

be eliminated by extrapolation to © = 90°, After extrapolation

there remains the term /5/

Q,'C)L '

S (W
-4 it = s U T

(3)

To decrease this remaining member, it is necessary to

B
decrease the vertical divergence of the primary, as well as o

i that of the reflected beams. To achieve this, Soller slits .

are placed between the focus and the sample, and also between T

the sample and the counter /5/. The use of slits leads to a
substantial decrease in intensity; however, with a divergence
of 2° between the beams, it allows the reduction of the re-

maining member to a magnitude Ad/d = 4,107°,

}The uncertainty in the zcro position of the counter causes

a ce#tain contant error A@ independent of the angle of

i \
|
|
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reflection. The corresponding error Ad/4d is proportional to

ets?. A very careful adjustment of the goniometer allows the

red&qtion of the error in the setting of the counter zero, to
\

a r?ther small value /6,7/.
|

For large angles ©, where the diffraction peak is broad,
the!angular factor Q(®) (Lorenz and plarization), changes

markedly within the confines of the peak, alters its profile

and}shifts the center of gravity. The shift of the center

of Travity can be determined, by calculating its magnitude

for

the diffraction function J(@) and for the product Q(e).J(8)
\

f@wrp)/p

eqLe)jle) A& JEme

AQ.Q: f ) J1e) where (7, ° - N )
S¢@ rie)de :

(\f('p)Jﬁ'

The integration is performed within infinite limits. [Translator's

Note: Probably what is meant is "from —to + o]

Expanding Q(®) as a Taylor series in the neighborhood of
Oo and taking the first two members, we will obtain:

).

¢ L ¢ J§ 0ty) a8
V& e T T
ee S IXE) A4S (5)

where 8= ¢ - Oy and J(0) = J¥*(e - 69+
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Substituting the expression for the angular factor in
the powder method UL) = sin20cosO/(l + c03229), and approxi-

mating the profile of the diffraction peak by the Gaussian

function : we will obtain
| 1 - (§2/242)

e [ $ % 26 T A
1 ’ b {). f - : '}"“"" C‘)"
Ae [ 7'% ¢ I+ ces” UL

(6)
|

Ro

}For large angles © the angular dispersion changes within

the honfines of the diffraction peak and this leads to the

fact that the center of gravity of the diffraction peak (GO)
.. "¢

@oes not coincide with the magnitude 6, = arc sin e C&c is

the center of gravity of the profile V(A) of the spectral line],
The correction which must be applied for the transformation
from 00 to Oc is

. (6 Tie) e 1]

A (9 = = - e - X Sl 3:.‘ - /
| § T .wt / o

Changing the first member to the new varizble and taking
into consideration that J(©)de = V(A)dA, we will obtain

» (v o H¥0) U R
A& < - { —m e a0 /
| VA N (@
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Expanding ar¢ sin %& into a Taylor series around Ac and
taking only the first three members, we will have:

" m,.c‘*’} SV 48 @
+ AT I e
2 Ard, SArs

where = A - )‘c‘
1z v* (§) is represented approximately as a Gaussian
function, we will obtain finally:

re’- -4 16 () (10)

The last two errors are not eliminated by the extrapolation,
and corrections for them, in caserf necessity, should be
applied to each line separately. However, these corrections
are usually not considerable,

Thus, careful preparation and adjustment of the apparatus
allow (using the extrapolation of the parameters obtained, to
6 = 90°) the elimination of a number of systematic errors
caused by the geometry of the plotting, apart from the vertical
divergence. The curve of c0529 used in the extrapolation is
nearly a straight line. In order to improve the resulting

precision, it is necessary to decrease the vertical divergence
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to a value at which the magnitude of the remaining member
would be less than the limit of precision. As has already
been pointed out above, the use of Soller slits allows re-
duction of the vertical divergence, but leads to a substantial
decrease in intensity. This decrease in inténsity is parti-
cularly large in the case of a relatively small projection
height of the focused spot. Another possible way of decreasing
the vertical divergence is to place a focusing monochromator
between the tube and the goniometer (Fig. 1). In this case
the geometry of the plotting in the equatorial plane of the
goniometer is the same as usual, only the focus of the curved
monochromator is substituted for the focus of the tube; how-

ever, the use of a focusing monochromator permits a substantial

. increase in the range of reflection angles recorded. The path

of the rays within the vertical plane changes, decreasing the
vertical divergence., The crystal of the monochromator, placed
at a certain distance f from the focus of the tube, becomes
almost like a slit limiting the vertical divergence of the‘
primary beam; the distance between the focuslof the tube and
the sample is increased, The beam of rays hitting the sample

has a variable intensity along the height Z_ of the sample;

p
photometric evaluation of a photographic plate placed instead

of a sample showed that the intensity of the monochromatized
beam hitting the sample can be represented by a trapezoid
function of Zp, related to the presence of half-shadows (Fig., 2).
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Considering the abovementioned, we will obtain for the mag-

nitude of the shift /AOb/ arising as a cbnsoquonce of vertical

divergence:

b s, /- . , )= + i’-icaswc:?ﬁ
AQ (AJ, ,,_,;_QZ— +(P1 +«)P3 +X]j ,%)o?ﬂ /-<7(11)
where Hz H 2

H," , L MU S | P

(y' : ‘/8(:]""2;)1 ) Xez 1/;;(;’\’1»24')1' ) 3 Y8 R>

M e .
X}jj‘g—ﬁ'; ) ’(’ 29 R{R+2¥) )

po k[ () (24 k) b

A
9 - o K [Hr,('gc ~he )+ 1’)"1_]

and K, hp are according to Fig. 2.

The remaining member in the extrapolation formula is:

0 H I- 9, Hfl
a * /2} yg(R+21)" ’7—% i s (R42F)T M
2 2 : ) * - 9 (12)
+ HC 2 + —’Hr;"i ‘_’_::k - }—,P J"",‘
48 R 18R* -9 24R(Rt2¥) /-]

Choice of the experimental condition R¥ 2f will lead to
mutual cancellation of the last two terms. Using the GUR-3
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and a focusing monochromator of the type uged in KMSP /8/, it
is possible to obtain a = 4,10'5 at R = 160mn, £ = 75mm,

r = 2,5am, H_ = l4mm, hp = 4mm and H = 8sm, The error can
be lowered to 1,107 -5 -7 4 decreasing the height of the illuminated
portion of the sample to Hp = 6mm and of the height of the
counter slit Hc to 4mmj; however, at the same time the intensity

decreases fourfold,.

It is well known that the precision with which the
peremeters 3 4 a oell oen be determined increases with incressing
retlection angle. The most important angle interval for
precision measurements is 9 = 75 85°. Measurements at angles
Q@ = 85 ¢ 90° are hampered by a number or experimental difficul-
ties and hindered hy the influence of the natural spectral line=-
width of the charecteristie radiation.

The limiting engle 20 in GUR-} that can be recorded is
150°. This is due to the construction of the stand carrying
the counter and ot the holder of slits defining the primary
beam. The holder for flat samples in the GUR=3 is not built
for regulation of the semple plane position.[ To adapt the
goniometer GUR~-3 for precision measurements, a rocusing nono-
chromator with an elastically bent crystal (Fig. 1) was sub-
stituted for the elit-holder. A quarts crystal with its lerge
rhombohedron plane 10T serving as the reflecting surface was

Approved For Release 2009/04/29 : CIA-RDP80T00246A008100260002-2




i ———— -

B

Approved For Release 2009/04/29 : CIA-RDP80T00246A008100260002-2

-]l

placed in a crystal-holder KMSP /8/. Due to the small size
of the crystal-holder and to the fact that it was placed at
a distance R + £ = 235mm from the goniometer axis, the counter

could rotate to aﬁ’gngle 20 = 168°, The stand supporting the

monochromator was constructed in such a way as to allow precise

adjustment of the monochromator, shielding from scattered rays,
and the selection of a sufficiently narrow part of the spec-
trum. The sample-holder was modified so as to allow the
positioning of the sample plane,with réespect to the rotation
axis of GUR-3, to be possible with a precision of a few
microns. In positioning the sample plane, motion along the
guide-rail is achieved fhrouéh the use of a differential screw
(the thread pitch of the screw in the moving part differed

by O.lmm from that of the screw in the stationary part).

One of the constructed modifications of the sample-holder
could rotate around the normal to the plane being investigated,
at a rate of 20 revolutions per minute. A place was provided
for a special thermostat which could keep the temperature of
the semple constant to £ 0.1°. The method of stabilizing the
temperature is analogous to the one used in the RKVT /9/ . |

Precision measurements require very careful installation
and adaustﬁent of the spparetus. Apart from the usual adjust-
ment of the goniometer, it is necessary to do the following:
(a) the position of the monochromator gmust be adjusted so that
the reflecting plane of the crystal is placed at an angle
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corresponding to the chosen wavelength, and ‘that the crystal
itself is evenly illuminated, The unused radiation (of other
wavelengths) must be kept out with the help of baffles. The
focus of the monochromstor is a line about 7mm long and less
then O0.2mm wide, parellel to the goniometer axis and located
on the circle of focusing, For the GUR-3, the monochromator
focus must be located 160mm from the goniometer axis. The
vertical plane pdiifﬁi’¥ﬁrOQQﬁ'the'monochféhaﬁéf sxis and the
main exis of the goniometer is the zero plane, starting from
which the angles © must be counted. The reflected mono-
chromabic bBeam must Yo bisected by the equatorial plane of the
goniometer passing through the mid-points of the monochromator
focus,' the sample and the counter slit..

(v) The zero poeitions of the counter and ot the flat eample-
holder mnet be deternined. In the gzero positien the average
vertical siit exic end the sanple plene to be 1nvestigated must
coincide with the zero plane of the gonioneter. Also, the
pooitionn ot the gonioneter and of the monochronator must be
fixed 80 that the edauetment of the apparatue would not change
durins the experinent.

The zero eettinss of the counter and of the eample-holder,
and also the coincidence between the sample plane investigated
and the goniometer axis, nust be checked periodicelly and
definitely every time after ‘changing the orientation of the

monochrometor from one wavelength to another, To determine and

1
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set the sero positions of the counter and the.sample plane, it
iexqonyenient $o use a wedge and a spesisl pertable slit (Fig.
3). | By placing the.portable slit inenieoeaogﬁgngwaemple'and
enother narrow eii§30.35.orjo.lmmewide, nesr the. counter, and
observing the position of the counter giving the maximum rate
(3 4 oounting for(two poeitione of the portable slit differing

fron eaoh other b; 180' (I and wiao)' 1t is easy to determine
the [zero poeitione witi e precision of a few minutes /6/. Using

the vedge onexcen deternine the Zero poeitione ‘with greater
accuracy. The‘n::hoz consists in the tollo'ingz the wedge is
to shut off tirqt one, then the otbor halt of the primary
area falling on the oounter /7/.  The inteneity registered

by the counter qill remain constant for positione of the wedge

differing by 180®, omly in the case where the counter elit is

etrioal reletivo:fo the zero plene. It the vorking plane
1rtens :

f he wedga end‘?egoe the eample plane liea in the zero plane,
dle of the o
the inteneity will o; equel to half the inteneity registered

wit the wedge in the remote poeition. With the counter in

¢ tzdioun

oorreot position, the intensity registered ie equal to half

2t ﬂf‘x ti‘

the

the sum of intensitiee[kJ, + Jlaa/é] regietered by the counter

wit ite elit in an inoorreot position. A eharp unevenmessiin

’’’’’’’

the inteneity of the prinary beam can lead to an error in the

det
cases where the goniometer permits measurements within rather

rmination of the ‘zero positions by the weége method, In

extensive regione ot poeitive as well as negative reflection

angles, the zero poeition of the counter (70) can be determined
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by measuring the angles 29 in the negdtiv‘ aﬂn ffh‘tflic positive
regions. In this case y, = (20, + 20_)/2:" fﬁi‘ determinations
of the zero position performed by thq‘ ‘above tws methods led
to the results whiéh sgreed with each*othéffiffﬁﬁi the experi-

mental error, O.1 - 0.2 minutes.

The position ot the center of gravity of tho diffraction
pesk is determined in the following manner e

|

( J(26) 26 J(=8)
p, B‘ : —— = N
-2 J(‘za) d(2p) : | ?Eéi?)

where J, is the intensity éveraged over thewidth of the slit
with the middle of the counter slit at Zék |
Determination of the center of gravity et a dirfraction

peak is long and tedious. In attempts to find a short cut we
investigated the dependence ‘of the or¢or in the determination

of the center of gravity, on the preci,u:!,op q; ggo iptcnsitx

nea urenonts at dittmnt po:l.nts alon$ thQ m,q,, profile, on the
nunber of points, on the counter slit width, and. on the magnitude
of the intervals botween meaaurenents. In the prosohco of a
background the center of gravity was d,otern,i.gqg AR the following
way: the intend.gy QJk) n.y measured ak t}l ﬁ é" nourbt Q,t the
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intensity of the background was measured at two points suf-

ficiently removed from the peak maximum (Fig. 4). The center

of

gravity can them be obtained from the following expression:
Tk ,"1'”' - ,\’]J l\‘\¢
2, = S ) S_ - S
2 m R (14)

where M‘ is the moment of the area of the background taken as

linear, S‘ is the area of the background, while My = kaZO and

Sy

4
= EJ ..‘ BJk.

Assuning that the errors Jk and J‘ of the measurements are

independent, that the peak is of Gaussian shape and neglecting

higher order terms, we will obtain the following expression for

the

whe

pae- L) 2T 4 [ stz 20,25

error in the position of the center of gravity:

-2

(15)

J
max
Tre Jk 2 ) and 4@¢) are relative errors in intensity

measurenents; n is the number of points measured.

To make the correct choice of the method of measurement

we will consider the following:

poi

(a) The dependence of the time of measurement at each

nt, on the distance to the center of gravity of the peak
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fluctuations in intensity). For a peak of Gaussian shape and
for different background values, the above functions are given
in Fig. 5. It is seen from this figure that if the background
is less than 1/4 of the maximum peak intensity, then it is
rational to use the method of measuring intensities at constant
coupting,.time. The required counting time interval must be
determined at the half-intensity point from the given magnitude
of [rror,

(b) 'The dependence of the magnitude of the relative error
on the distance from the center of gravity of the peak, For
difrferent background levels it is given in Fig., 6. It follows
from these curves that for background levels higher than 1/4

of the maximum peak intensity, one must measure the intensities

according to the method of constant number of impulses.,

Adding the constant counting rate it is possible to obtain
int rmediary variations between the method of constant counting
and the method of constant number of impulses. The trick
of adding the constant counting rate is most appropriate for
meagurements of the center of gravity of peaks, Choice of the
tude of the added rate can be done from the curves of

Fig, 7. Correct choice of the method of measurement of the

int nsiti shortens considerably the time nécessary for the

mea ureménts.

The measurements can also be accelerated by rejecting

that part of the peak where the intensity is small, Calculations

Approved For Release 2009/04/29 : CIA-RDP80T00246A008100260002-2
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a Gaussian peak show that the error in the determination

the coordinates of the center of gravity due to the rejec-

tion of one wing of the peak where the intensity is less than

2%

whe
whe

Jus

int
cre

the

pf the maximum is determined by the following expression:

. e
A:E = ZIQOO ‘ (16)

&

re A 1s the peak'half-width. Thus, measurements in regions
re the intensity is less' than 1% of the meximum are not

bified.
| .
Increasing the width of the counter slit increases the

Ensity and hence the rate of counting, but in general in-

ses the shift in the position of the center of gravity of
peak,
Thezahift in the position of the center of gravity is

determined by the fact that the counter slit cuts out of the

area defined by the peak profile a curvilinear trapeze, whose

cen

the

ter of gravity (202) does not coincide with the position of

mid-point of the counter slit (26,) (see Fig. 5). The

chapge in the statistical moment of the trapesze relative to

the

moment of the rectangle is

Amk = A 26 SK = f/w T (€ re) A e (17)

I

uhorelskzis the area of the trapeze.
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Li;it:lng onrulvu to the ﬁrst menbor of the expanaion

1nto nriu and hcncc to a precision detem:lnod by the higher-
ordor mnlbers, we will obtain

[m)- <a>] + f’ [Ju (9>7}

where: 8 is the M &rea, "a" and "d"” are the initial and the

dJ 20
ﬁ.ial potnts, g (“i)f and J'(b) are the derivatives at

peints *d!' "y* gorrespondingly, and b, is the angular

‘codntey +1MM. * Aunning J(b) = J(&) u ‘will obtain

C
™

[J (b) - (a)]

R | . - Q19)

SIS SR ¢ ’ g AT SEE P
Py :

‘\uo of a comparatively wide slit (lmm = 20') causes

amz,meimuy emall (<0.05') shift in the position of the

the centers of gravity of the lines.

Mstcn pw@on with a small amount of cellulose nitrate
lecquer addod, was paoked into the hole (15mm in diameter
and 0.5m deep) in a plate of "organic glass", [Translator's

|
|
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Note: "Organic glass" is a term frequéntly used to desc:ibe

a group of synthetic polymers, e.g., methyl meth@orylate,

allyl esters of polybasic acids;] The surface of the samﬁle

was leveled with a glass plate. Since the average dimensions
of the crystallites were less than 5u the X-ray diffraction
measurements were performed Qithout rotatiné the sample. The
intensitiés were measured at each point. The time for each .
point was 1 min; for very weak lines in the pé:;pherﬁl iegions,
4 min, The background was taken as the average of five measure-
ments or at one point for a duration of 10 min. ‘The counter
slit-width was lmm, its height 8mm. The angular shifts during
peak measurements were 5'., The temperature was controlled by

a thermometer placed near the sample., The tenpeiature deviation
during measurement of & peak did not exceed 0,5°C., The results
of the measurements were reduced to 25°C. In order to eliminate
the influence of the doublet the measurements were performed
with the Cu KB radiation (Ac = 1.3922% £ %). The average error
in the measurement of the position of the center of gravity

of the peak was ¥ 0.3'. Repeated measurements performed with
different modifications of the goniometer and the monochromator

showed that the error caused by the nonrgprodncibility of the

¥\ = Anax + AAj A\ is not zero if the spectral line is asymmetric.

c

Approximating the line profile with a triangle having the same
hagf-width (a) and coefficient of asymmetry (o) we will obtain
M =3%a2l. For the line Cuky a = 0.0010 £, a = 1.18 /10/

whence A\ * 0,00006 % and Ao = 1.39217 + 0.00006 = 1,39223 R,
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Performing the extrapolation according to 00529 we obtain
a = 3,16500 &, The correction for refraction was introduced
according to the expression:
(1)t TR R I
’ )
where n is the index of refraction; IA is the sum of the series
numbers of all atoms constituting the cell, For tungsten and
using the Cu KB radiation the correction for refraction is
12.8x107°8. |
The correction for the vertical divergence, determined

from equation (12), iS‘l5xlO-5 R.
Hence a = 3.16526 ¥ 0,00005 &.
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Apparatus for precision plotting using a URS-501.
T - tube; F - focus of the tube; g - goniometer;

M - monochromator; D - sample holder; C - counter;
P - sample; Sl and S2 = monochromator slits; S3 -

counter slit,

Vertical divergence of the primary beam in using
the monochromator. The curve for the illumination
of the sample I(2p) is obtained through microphoto-

metric evaluation,

Device for adjustment.
(a) Brass wedge for determination of counter zero.
(b) Slit to determine the zero position of the sample

plﬂn' °

For the determination of the center of gravity of a

diffraction peak.

Dependence of the time of measurement on the distance
from the center of gravity of the line. A(Jksk) = const.
The ratio of the intensities J,/(J .. ~Jy) is as
follows: 1-0; 2-1/120;3-1/8; 4=1/4; 5-2/5; 6-1/23

7-5/6; 8=3/43 9-7/8; 10-1.

The profile of the diffraction peak is shown by the
dotted line,
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Fig. 6. Dependence of the magnitude of the relative error

in intensity measurements, on the distance to the

cénter of gravity. A(Jksk) = const.
The labeling of the curves is the same as in Pig. S.

Fig. 7. Dependence of the magnitude of the relafivo error
in 1nt§nlity measurements on the magnitude of the
intensity. A(Jksk) = const,

The labeling of the curves is the same as in Fig. 5.
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